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I 
This invention relates fo the production of 
patterns, especially electrically conductive pat- 
terns, and bas particular reference fo an im- 
proved process for making such patterns photo- 
graphically. 
If bas been proposed heretofore fo form elec- 
trically conductive patterns by applying a con- 
ducting material fo a non-conducting base, as 
by applying upon an insulating base a solution 
containing metal, resin and plasticizer and evap- 
orating the solvent fo leave a conducting layer 
upon the base. A problem inherent in such proc- 
esses fs fo cause the conductive layer fo assume 
a fine and clearly deflned pattern having precise- 
ly the desired electrical characteristics. Prior 
processes for this purpose bave hot been entirely 
satisfactory, either because the patterns are hot 
formed with sufficient accuracy, or because they 
require time-consuming and expensive opeïa- 
tions. 
The principal object of the present invention 
fs fo provide a process by which electrically con- 
ductive patterns can be formed accurately in 
a few simple operations. 
In the practice of the invention fo form an 
electrically conductive pattern, a stencil of he 
desired conductive pattern is produced upon 
photographic film. If fs produced by ftrst print- 
ing a photographic latent image of the conduc- 
tire pattern, which may be effected by any con- 
ventional photographic procedure for this pur- 
pose, as, for example, by contact printing of a 
negative upon a typical positive emulsion, or by 
projection printing. The image fs then developed 
in the usual manner but fs hot ftxed, after which 
the developed film fs immersed in a solution 
which dissolves the gelatine containing the silver 
image, leaving the bare base material. Thus, on 
the portions of the film originally unexposed to 
light, the gelatine containing the sflver halide 
remains unchanged and forms a very tough gela- 
tino-sflier-halide layer which constitutes a sten- 
cil defiuing the desired pattern on the bare 
base materiaL This stencil serves to protect the 
film base, over selective areas, from a conductive 
coating applied fo the stencil side of the film in 
a subsequent stage of the process. 
In the conductive coating stage, the stencii 
film fs subjected fo a treatment which softens 
the bare base material corresponding to the de- 
sired pattern, without substantially affecting the 
gelatino-sflver-halide layer. This selective soft- 
ening fs ruade possible because of the difïerence in 
the characteristics of the bare base materiaI 
corresponding to the originally expose.d a.rea, and 
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the gelatino-sflverhalide or originally tmex- 
posed area, and particuiarly because of the dif- 
ference in the reactions of the respective parts 
to heat or fo the action of a solvent for the bare 
5 base material. Regardless of whether the soft- 
ening treatment fs effected by heat or by a sol- 
vent, it results in a substantial softening of the 
bare base material while maintaining the gela- 
tino-silier-halide relatively hard, due fo the 
10 latter being relatively insensitive fo the heat or 
chemical sction. The stencil film, thus selec- 
tively softened, fs covered with a coating of fine- 
ly divided conducting particles, which become 
embedded in oi" adhere to the softened base ma- 
l terial but are easily removed from the relatively 
hard gelatino-silver-halide film, leaving a clear- 
ly defined conductive pattern on the insulating 
base material of the film. This pattern extends 
over precisely the area fomnerly occupied by the 
20 photographic image on the film. 
The film base forms an electrical insulating 
sheet carrying the conductive pattern, which 
may be an electrical resistor, capacitance, or in- 
ductance, or a combination of such units inter- 
2 connected fo form part of an electric circuit. 
For some purposes, the film base may not meet 
completely the desired specifications of the in- 
sulating base, in which case a layer of insulating 
material having the desired characteristics fs 
30 cast over the conductive side of the film. The 
castin material fs one which will form a strong 
bond or union with the conductive pattern, as 
by application of heat. Alternatively, the film 
may be subjected fo an electroplating operation 
35 belote the casting fs ruade, fo build upon the con- 
ductive pattern a conducting layer of gradually 
increasing width which wfll be firmly embedded 
in the desired insulating material when it fs cast 
upon the film, the e]ectroplating operation also 
40 serving fo decrease th electrical resistance of 
the conductive pattern. In either case, the film 
base on the opposite side of the film can then 
be removed, as by dissolving if in acetone or other 
solvent which removes only the base material, 
4 leaving the conductive layer exposed on the cast- 
ing. 
For a better understanding of the invention, 
reference may be had fo the following detailed 
description, in conJunction with the accompany- 
0 ing drawings in which: 
Figs. 1 fo 5, inclusive, are.enlarged cross-sec- 
tional views of the film, showing the changes re- 
sulting from the different steps for making the 
stencfl film according to the preferred practice 
5 of the invention; 
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Fig. 6 is a schematic view of an apparat'as 
softenin the bare base material of the stencil 
film to cause adhesion of the conductive par- 
ticles thereto, showing the film nïounted in the 
apparatus; 
Fig. 7 is a schematic view of another form of 
such apparatu& showing the stenciï film ps.ssing 
through it; 
Figs. 8 and 9 are views simiiar to Fig. 1 throuh 
5 but illustrating additional steps in applying an 
insulating csting oveï the conductive pattern, 
and 
Fig. 10 is a plan view of an e!ectrical unit ruade 
in accordance with the invention, iilustrating its 
preparation for an elctroplatin stop fo 
crease the thickness of the conductive pattern. 
leferring to the drawings, the film as shown 
in Fig. 1 is a commercially available photographic 
film having a base 9 of thermoplastic material, 
and a layer  of an unexposed light-sensitive 
emulsion, which may bea gelatino-silver halide 
complex commonly used for photographic emul- 
sions. The film base  can be cellulose acetate, 
cellulose nitrate, vinyl polymer, polystyrene, or 
other dielectric material. As an example, the 
]ayer  0 may be about 0.00i" thick, and the lyer 
[ about 0.0003" thick. 
A photographic latent image of the desired 
conductive pattern is printed on the emulsion 
layer  by any of the conventional procedures, 
for example, by contact printing of a ngative 
 of the image upon a typical positive emulsion 
 , as shown in Fig. 2. As there shown, th image 
is represented on the negative  by the more 
tansparent areas  definedby the relative!F 
opaque areas b. The image is developd in the 
usual manner by a suitable developing agent 
(such as a composition consisting of che liter 
of water, 90 grains of sodium sulflte, 45 grains of 
hydroquinine, 37 grains of sodium hydroxide and 
30 grains of potassium bromide) but is hot fixe, 
he resultin film   (Fig. 3) havin the 
veloped image  over the emulsion areas 
posed to light passing through the re!atively 
transparent parts l of the negative  in the 
previous exposure stoP. As shown in Fig. S, the 
developed image   is defined by the originally 
unexposed areas b of the emulsion layer. At 
this stae, the originally exposed areas l are 
sflver particles embedded in gelatine, and the 
originally unexposed areas l are si!ver-halide 
particles embedded in gelatine. 
The developed film, which in the previous steps 
has been maintained in darknss or in pho- 
tographica!ly inactive light except for th image 
expsure, is now exposed to light and immerseà 
in a solution which dissolves the exposed gelatine 
 containing the silver image but which does 
hot aiïect the gelatine  containing the origi- 
nally unexposed silver halid. Such a solution 
can. be a peroxide bath or a solution ruade up 
as follows: 
Copper nitrate ............... grarns__ 50 
Potassium bromide ............ do .... 2.5 
Glacial acetic acid ............... cc__ 40 
Water ......................... cc__ up fo 250 
3% hydrogen peroxide ........... cc__ 350 
In this solution, the gelatine  containing 
the silver image is cornpletely dissolved, leaving 
the bare base material '3, as shown at f in 
Fig. 4. The unexposd gelatine  with the 
silver halide remains unchanged to define the 
stencil image. 
The exposed film is next reimmersed in a de- 
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veloper solution, with the result that there re- 
mains on the film, at all portions  b original!y 
unexposed, a very tough gelatino-silver-halide, 
whiie the base material   is completely bare over 
5 the originally exposed areas (the image), as 
shown at Oa. The stencil image thus formed 
by the parts b serves to protect the film base 
in the subsequent stage of applying a conducting 
coating over the film, as will now be described 
l0 In the coating stage, the stencil film is sub- 
jected to a treatment which softens the bare 
base material   (Fig. 4) but leaves the gelatino- 
sflver-halide Ib relatively hard. The selectivc 
soitening medium is che to which the bare base 
l material  reacts but to which the gelatino 
silver-halide b-is relatively insensitive, and 
it may be applied at such rime as to cause a finely 
divided conductive material to adhere to the 
base material  or become embedded therein. 
20 The selective softening medium may be heat or 
it may be a chemical agent which has a solvent 
action upon the plastic base-material 19, such 
as ethyl acetate. The gelatino-silver-halide 
is substantially unaffected by the application of 
25 heat sufficient to soften the base material 
or by the chemical solvent for the base material, 
so that the powdered conductive material wfll 
be firmly affixed to the exposed portions 9 of 
the base material, as shown at l in Fig. 5, but 
30 can be easily removed ïrom the stencil layer I I b. 
The selective coating with application of heat 
as the selective softening medium may be effected, 
for example, by i]rst dusting over the entire 
upper or stencil side of the film, comprising the 
35 bare base portions a and the gelatino-silver- 
halide lb, a thick layer of .powdered silver or 
graphite, er a.ny other e!ectrically conductive 
powder, ;ro.mdr, arnorphous or fi«.ke, which 
will fill the spaces between the Mlver-halide layer 
40 !, as shown af 3 in Fig. 6. The powdered. 
stencil film is thon placed between the fiat elec- 
trodes , f4 of a dielect]dc heatin unit of the 
co,nventional type, in which a high frequency, 
low volta2"e current is impressed across the elec- 
4 trodes by the energizing circuit in an electrical 
pparatus fS, an example of such a unit bein 
disc!osed in the September 1948 issue of "E!ec 
tronics." The sandwich ths formed is subjected 
to pressure, as by means of a piston rod , and 
0 the e!ectrostatic field applied by the apparatus 
. The plastic base material 9 is softened by 
the ïesu!tant heating, so that the conductive 
powder  is pressed into and becomes embeddd 
in the bare upper surface of the plastic 9. On 
è the other hand, the gelatino-silver-halide 
remains relatively hard under the dielectric 
heatin, so that any conductive particles 
ïestin upon if do hOt become embedded in or 
affixed to it but can be easi]y removed, as by 
60 brushing when the film is removed from the elec- 
trodes l, ].c. Consequently, there remains on 
the insulating base l, and affixed thereto, oniy 
the conductive pattern l and the insulatin 
stencil ] of gelatino-silver-hälide. 
65 Another form of apparatus for use in apply- 
ing the conductive coating to the stencil film 
illustrated in Fig. 7. As there shown, the appa- 
ratus comprises a housin  forming a chamber 
through which the stencil film F is drawn, the 
70 charaber havinz a narrow entrance  and exit 
 for the film. The housing contains a bed 
19 of the powdered conductive material, and ro- 
tary beaters 9 having blades extending into the 
bed !9. The beaters are interconnected, as shown 
75 at , and are rotated rapidly by a drive shaft 
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(net shown) extending through  wll of the 
chamber and driven from outside the housing. 
By the action of the beaters 28, the conductive 
powder in bed |8 is violently agitated, causing 
a fine suspension of the powder in the 
mosphere withfll the chamber. As the suspended 
particles tend te settle eventually but other par- 
ticles are continually thrown upward by the 
beaters, there is a constant circulation oï sus- 
pended particles in the chamber. 
The stencfl film F is de]ivered ïrom a supp]y 
ro!l 22 on which it is wound after the re-exposing 
and re-developing steps previous]y described in 
connection with Fig. 4. ïl desired, the film F 
may be wound direct]y on the ro!l 
is drawn in a continuous strip through succes 
sive stations for performing the steps described 
in connection with Figs. 1 through 4, these steps 
resulting in a series of stencil images spaced 
along the film F. Frein the roi] 
is drawn through housing |8 by a roil 23 on 
which it is wound aïter application of the con- 
ductive coating. Belote the film enters the 
housing through the entrance Sa, its stencil 
side is exposed te the atomized vapor of an 
organic solvent for the base materiai 10. The 
se]vent may be a ketone, an ester, or a ch]ori- 
nated and aromatic or aliphatic hydrocarbon. It 
is applied through a tube 2 frein a receptacle 
2 by air forced Lnto the receptacle through a 
pipe 28, the air stream serving te atomize the 
]iquid olvent in the receptacle and force the 
w, por, consisting of a mo]ecular mixture of air 
and the solvent, through tube 24 te the filin. 
While the se]vent is thcs applied over the entire 
stencil surface of film F, inc]uding the gelatino 
silver-ha]ide b and the bare parts @a of the 
base material, it sortons the latter parts with- 
out appreciab]y affecting the protective stenci] 
layer b, which is re]ativety insensitive te the 
se]vent. 
As the film F is drawn through housing 
conductive partic]es thrown upward frein the 
bed 8 impinge upon the lower face of the film 
and flrm]y adhere te the softened bare base por- 
tions Ia, eventua]iy forming a so]id conductive 
]ayer 3 (Fig. 5) of the desired pattern within 
the spaces defined by the stencfl layer !  b. Since 
the stencil layer l lb remains relative]y hard, 
the conductive partictes flnpinging upon it will 
for the most part, at least, drop off and settle 
back into the bed 9. Such partic]es as may 
adhere te the layer l lb can be easi]y removed, 
as by a brush or scraper 21 arranged te engage 
the bottera surface of the film as it emerges 
from exit 18b. The conductive powder remain- 
ing" on the filra and fi]ling the spaces between 
the stencil portions ! b, as shown at 3 in Fig. 5, 
can then be embedded into the base materia] I}, 
as by passing the film between pressure re]lors 
23 belote it is wound upon the roll 23. 
Instead of spraying the se]vent in vapor ferre 
upon the stenci] film F, the film can be bathed 
in a ]iquid solvent, such as ethyl acetate, te which 
a diluent, such as ethylene g]yco] mono ethy] 
ether, has been added. The diluent serves te 
prevent the se]vent frein acting too rapidly upon 
the film base and te prevent too rapid evapora- 
tion of the solvent. Too vigorous action of the 
solvent upon the film base resuits in a loosening 
of the ge]atine stenci] l lb; and too rapid evapo- 
ration impairs the desired effect of the solvent, 
which is te soften the bare surfaces I{}a of the 
film base and render if sticky or tack,. ï flnd 
that a 40 % solution of the solvent in the diluent 

is  satisfactory combintion under most circum- 
stances. With the base material softened, as de- 
scribed a.bove, and the gelatine stencfl layer |b 
remaining relative]y hard, the powder material 
5 is spread evenly over the stencil side of the film, 
as by passing the film through the housing 
or by simply sifting the powder on the film with 
its stencil side facing upward. The powder ad- 
hering te the bare base portions Sa, and fllling 
10 the spaces between the ge]atine portions |b, is 
thon embedded inte the base material, as by 
passing it between pressure rolls 28, or by plac- 
ing it between the anvils of a press, or by simply 
peunding the surface with a flat-faced hammer. 
15 In seme instances, it may be desirab]e te use 
as an insu]ating base for the conductive pattern 
a material other than the film base. In such 
cases, a stripping film such as a gelatine emul- 
sion of sflver bremide, having a flne-grained, 
0 high-contrast, hardened emulsion, is processed 
as previous]y described te form the desired con- 
ductive pattern on the film, the expesed gelatino- 
siiver-ha]ide b thon being developed and re- 
moved by a solvent such as the solution previ- 
5 eus]y described fer removing the exposed image 
a. The conductive si]ver pattern 3 is new 
the only material on the film base 8, as shown 
in Fig. 8. The rihn is thon p]aced on a fiat sur- 
face 29, with the conductive layer facing 
0 ward, smoethed with water, and flattened down 
on the surface, as shown in Fig. 9. The film 
edge may be cemented clown on the surface te 
prevent cu]ing. When the film is completely 
dried, an insulating material 38 having the de- 
5 sired characteristics, such as methacrylate, a 
cepelymer of an alkyd and a pe]yester, a silicate 
er ceramic, is cast over the upper surface of the 
lï!m te form a strong union with the silver or 
ether cenductive materia] of the pattern. Te 
4O faci]itate the bonding of the casting material 
with the conductive pattern, the film may be 
heated te cause a partial me]ring of the nitrate 
or other material of the film base, se that the 
si!ver particles forming the electrical cenducting 
5 medium of the pattern are re]eased somewhat 
frein the fl]m base  and can become entrained 
in the surface of the casting material 38. After 
the casting material bas cooled, it is ai]ewed a 
setting peried of 24 te 48 hours, af ter which the 
50 casting materia! is cemp]etely hardened and aged 
ai the surface. The film may thon be hot- 
stamped te drive the cenductive pattern farther 
into the casting material 3} and obtain a botter 
surîce smoethness. The remaining nitrate or 
55 ether base materia] 8 of the film is thon 
moved, as by washing it with a selvent, such as 
acetene, which removes on]y the base material. 
By using a casting material having a higher 
melting point than the film base, the latter may 
0 be removed by heating the film te me]t the base 
material, instead of disso]ving it. When the base 
material 18 is removed, the conductive pattern 
remains secured te the casting material 38, which 
new ferres the insu]ating base. 
65 The conductive pattern I$ of the resulting 
product may bave a long conducting path. For 
examp]e, a conducting path 3 forming an induc- 
tance (Fig. 10) may be arrangd in c]osely spaced, 
serially connected lines having an overall ]ength 
î0 of sixty inches on an insu]ating base area of on]y 
a few square inches. In such cases, the e]ectrical 
resistance of the long path, which consists of a 
rhin ruerai ]ayer, may be higher than is desired. 
For instace, the actua] resistance may be in the 
75 oder of severa] hundred ohms, whereas the de- 
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 sired resistance is in the orderof ten to.fifteen 
ohms. "One method ofreduchîg the restance 
Ofsuch  pattern is fo apply more conductg 
material on the paRern byelectroplatg, the 
pa.tte being ed as an anode  an electrop!t- 
mg bath. However, the pattmm restance is 
generHy so high tlat ectrochemical deposition 
is too non-uniïorm ïor many purposes, the de- 
position being much thher ai the end of the 
pattern path farthest ïrom the anode wire S . 
I overcome this diculty by applying  lcquer- 
based conductive cernent over the pattern  on 
i base B, which may be the fihn base 1O or a 
substitutebase 3 applied as previously described. 
The conductive cernent may be a conventional 
type, sucb as a cellulose nitïate lacquer contain- 
ing .metaHic fiakesilver. The lacquer, however, 
is one which is readiIy soluble in a solvent, such 
 acetone or ethyl acetate, which is hot a solvent 
for the materia!-of the base B fo which the pat- 
tern is-axed. The lacquer may be applied with 
a brush, as o accuracy is requh'ed in its appli- 
cation, and it foïms a coating for shortin out 
the turns of the inductance , as shown by the 
dotted lines   representing areas occupied 
by the conductive lacquer. hen the lacquer 
dries, the base B is inserted in the e!ectroplating 
bath and the anode wire   attached fo the con- 
ductive pattern, as shown at 3 c. Because of the 
shorting egect of the conductive !acquer $, c, 
the resistance of th patern $ is gratIy reduced, 
so that the etectro-deposition of additionaI silver 
or other conductn materiaI on the pattern 
effected readily in a layer of uniform thickness. 
Upon comp!etion of the p!atin operation, the 
shortg cernent or Iacqur 3, 3c is removed 
by wshing the pattern surface of bae B with the 
above-mentioned solvent. 
The eleotroplatin operation bui!d upon the 
attern  an additional conductin layer $b of 
dove-tafl crosssecticn, as showu in exagerated 
form in.Fig.. 8, the widst part of the added layer 
being at the top. According!y, when a supple- 
.mental or ubstitute insuIating base  is cast 
pon tl]e conductive pattern side of the film, 
previously descïibed, the castin material will 
fitl the spaces betwn the addd layers so that 
the dove-tai]s 3b become firm!y embedded in the 
castg material, lu thi way, a st'on bond 
is created between the castng material ad the 
eenductive pattern. 
E]ectric«d unit n]ade h acco'dançe wRh the 
new process bave a stron adherence of the con- 
ductive patteïn to the insulating base. material. 
In act, tests have indicated that the adherence 
is superior to that obtained with the so-called 
"si]k-screen" process for producing conductive 
parterres on insulating material. oreover, the 
conductive pattern obtained by the new process 
bas a high degree of densional preision. 
Additionaliy, the new process lends itself admir- 
ably to low-cost, mass production. 
I claire: 
1. In the process of forming electrical!y con- 
ductive patters by applying a conductg layer 
to an insulating base, the improvement wch 
compres priuting a photographic latent age 
of the desired conductivepattern upon the gela- 
to-silver-ha!ide side of a photographic film 
havfl]g a layer of base material supporting the 
gelatine, devetoping the age on the fi, re- 
movg ïrom the film the gelatine containing the 
image, leaving the bare base material of the m 
over the area formerly occupied by the image and 
thus forming a stencil image defined by the. ori- 
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gLnally m]exposed gelatinosilver-halide,: softan- 
ing the bare base material while maintaining OEe 
remaining gelatflo-silver-halide relatively hard, 
and covering the stencfl side of the-film with a 
 conductive coath]g fo cause the coating to adhere 
to the bare base material, thereby forming on the 
bare base material a conductive pattern corre- 
sponding fo said image. 
2. The jmprovement according fo claim 1, in 
10 which the gelatine containing the image is dis- 
solved ïrora the film by a solution in which the 
origina!iy unexposed gelatino-silver-halide is in- 
soluble. 
:. %he improvement accordlng to ctaLm 1, com- 
15 prising also the step of ïurther developing.the ex- 
posed film after said removal of the image-con- 
taining gelatine. 
4. The improvement according to claire 1, com- 
prising also the step of casting a layer of dielec- 
20 tric material over the ccnductive pattern.side of 
the film, to cause the pattcrn tobe bonded fo 
sai.d dielectric material. 
5. The improvement according to claire 1, com- 
prising aiso the steps of removing frein the film 
25 base said remaini]g siiveï-halide stencil, leav- 
ing the conductive patteïn pïojecting from the 
base, and cs»%ing a layer of dietectric materiat 
over tl]c conductive pattern side of the film, to 
ce, use the pattern tobe embedded in the dielec- 
30 tric material. 
6. The improwmnt a¢ordin fo claire I, com- 
prsi]ç alto the steps of removing from the film 
b3se said remaining itvcï-latide stencil,.leav- 
in2 the .conductive pattern projçcting from the 
35 basc casti]ç a fayot of dielectric material over 
the couductivc pattern side of the film, and sub- 
jecting the diclectric layer nd the film to com- 
pression to iress tt]c ccnductive pattern into said 
last layer. 
40 7. The improv¢ment accordingto cla 1, com- 
prisng also the stcps of removing from the film 
base said remaining silver-halide stencfl, leav- 
ing the conductive pattern projecting from the 
base, casting a layer o dietectric material over 
45 the conducMve pattern side of the film, and re- 
moving the film base material from the conduc- 
tire pattern and the dielectric layer. 
8. Th improvcmçnt according to claire t, com- 
pr]shiZ alo the stcps of electrop]ang upon tbe 
50 conSucthe pattern a metsl ]yer of dove-afi 
cross-section, casting a ]ayer of die!ectric mate- 
rial over the conductive pattern side of the film 
fo cause said dove-taiI layer fo become embedded 
in the dielectric material, and removing the film 
55 base material from thc concuctive pattern and 
the dielectric material. 
9. Th improvement according fo claire 1, in 
which the bare base material is oftcned by appli- 
cation o heat to the film. 
60 10. Tbe imp.rovement açcording to claire 1, in 
which saidconductive coating is app]ied in finely 
divi6ed partic]es belote the bare bae material 
i softeued. 
11. The improwment according fo claire 1, in 
65 which the film, with conductive coating particle 
applied over the stencil side thereof, is main- 
tained under pressure in an electïostatic fleld to 
soften the film base ma.teral and embed the 
particles therein. 
70 12. The improvement according to claire 1, in 
wt]ich the conductive coating is applied by intro- 
ducing the film, with its base material softened, 
into an atmosphere containing finely divided con- 
ductive particles in susnsion. 
75 13. Theimprovement according fo claire 1, in 



9 
which the conductive coating is applied by in- 
troducing the film, with its base material soften- 
ed, into an atmosphere containing flnely divided 
conductive particles in suspension, and then 
pressing into the base material the particles ad- 
hering thereto from said atmosphere. 
14. The improvemenç according fo claim 1, in 
which the bare base material is softened by aPply- 
ing to the stencil side of the film a solvent for said 
material in which the gelatino-silver-halide is 
insoluble, said last solvent being applied without 
the conductive material, and said material being 
applied without the solvent and af a different 
stage in the process. 

CLIFTON M. TUTTLE. 
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